In 2008, the Centre Hospitalier Universitaire Vaudois (CHUV, Lausanne, Switzerland) initiated a Fracture Liaison Service (FLS). All patients hospitalised for a low trauma fracture are identified by the FLS. Inpatients then choose to be managed by either the FLS team or their general practitioner (GP). In this study we compared the management between the FLS team and the GP in terms of diagnosis of osteoporosis, treatment, refracture rates and mortality after FLS recording. Results are compared with the management of osteoporosis before the creation of the FLS, as reported in the survey study Osteocare. A total of 606 patients were included (80% women); 55% chose management by the FLS and 45% their GP. The mean age was 78.5, and hip was the main fracture site (44%). The percentage of patients having dual X-ray absorptiometry to diagnose osteoporosis was significantly higher in the FLS group than the GP group (72 vs 26.5%, p <0.01). This percentage was 31.4% in the Osteocare study. Overall, 50.3% of patients in the FLS group had osteoporosis versus 57.5% in the GP group (p <0.05). This percentage was 46.0% in the Osteocare study. Use of osteoporosis medication was higher in the FLS group (FLS 100% of the patients, GP 44.1%, p <0.001) and had increased since the Osteocare study (21.6%). One-year nonvertebral refracture rate was higher in GP group than in the FLS patients (5.1 vs 3.0%, p <0.05), whereas more vertebral fractures were identified in the FLS group, owing to protocol-driven regular clinical and vertebral fracture assessment (VFA) evaluations (number of evaluations 8 vs 0, p <0.01). Unadjusted mortality was higher in GP group than in the FLS group at one and five years (6.93 vs 2.11% and 33.58 vs. 15.96%, p <0.04). After adjustment by age and fracture site, these results were not significant. With FLS management, diagnosis and treatment of osteoporosis were more frequent than with GP management; new nonvertebral fractures were less frequent. Moreover, both forms of management had increased relative to rates reported in a 2004-2006 nationwide survey Osteocare, before FLS creation.
Introduction
With the aging of the population and the recognised huge economic burden of osteoporotic fractures [1] [2] [3] , multidisciplinary expert management of acute osteoporotic fractures through what was called a Fracture Liaison Service (FLS) was proposed. The International Osteoporosis Foundation subsequently supported a "Capture the Fracture" campaign to encourage the creation of FLS programmes worldwide and thereby improve both the detection and subsequent management of osteoporosis-related fractures [4] . The two major objectives of an FLS are: (1) to reduce the 80% of adult low-trauma fracture patients not currently screened and/or treated for osteoporosis ("the treatment gap"); and (2) to enhance communication between different healthcare providers to facilitate the treatment of fragility fractures. Today, FLSs are widely considered the most efficient way to identify patients with a major osteoporotic fracture, assess their bone status, and select the most appropriate treatment and follow-up schedule [4] . The FLS models can be divided into four groups on the basis of the management type proposed [5] : type A is defined as a service that identifies, investigates and initiates treatment; type B is a service that identifies and investigates patients, but refers them back to the primary care physician for treatment initiation; type C is a service that identifies patients at risk and informs them and their primary care physician, but does not undertake any assessment or treatment of the patients; and type D is a service that identifies patients at risk, informs and educates them but takes no further part in others stakeholders in the patient's care. Compared with the others type of FLS, type A is associated with a greater reduction in future fracture risk, more bone health assessments and lower mortality, and is costeffective and cost-saving, [6] .
In 2008, an FLS was created at the Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland. Lausanne is a city of more than 133 800 people, and is the main city of the state of Vaud, which had a population of 778 251 at the end of 2016. The CHUV is the biggest public hospital in the canton of Vaud, and the only university hospital. The orthopaedic capacity is 100 beds. After detection by the FLS, inpatients are free to be managed by either the FLS team or their general practitioner. Management by the FLS team is considered to be FLS type A. The first aim of this study was to compare osteoporosis management (diagnosis and treatment) of patients registered with the FLS between the two forms of management (FLS or GP). We compared these results with data recorded previously in the Osteocare study, before the creation of the FLS. The second aim was to compare one-and five-year new fracture and mortality rates between patients managed by the FLS team and those managed by their GP. To accomplish this, we elected to prospectively follow up the first 1000 consecutive patients registered in the FLS.
Materials and methods

Description of the FLS at Lausanne University Hospital
The FLS first came into being at the CHUV in October 2008. Since that time, all consecutive patients hospitalised for one or more low-trauma fractures have been registered by a dedicated nurse (present 30% of full-time in the orthopaedic unit) at the time of their admission into the orthopaedic unit. During hospitalisation, a physician specialising in bone diseases meets each registered patient, apart from patients with dementia, who are not stable, or who refused. Depending on the patient's estimated risk of future osteoporotic fractures, specific management is proposed; this may consist of monitoring only or monitoring plus treatment. All baseline data are entered into a dedicated database. Patients are then allowed to choose whether they wish to be evaluated, treated and followed up by the FLS or by their own GP. The standardised FLS protocol includes dual X-ray absorptiometry (DXA, Hologic Inc., Bedford, MA) for assessment of bone mineral density, a vertebral fracture assessment (VFA), prescription of treatment and scheduling of follow-up. Such monitoring may include: (1) a clinical and biological evaluation 3 months after the fracture; (2) further clinical and biological evaluations every year thereafter; and (3) follow-up with DXA plus VFA assessment every 2 years. DXA and VFA interpretation follow the International Society of Clinical Densitometry (ISCD) recommendations. Follow-up by the GP is not standardised. The FLS team at CHUV evaluates roughly 600 patients hospitalised for a fragility fracture every year.
The nationwide survey Osteocare
Between 2004 and 2006, the Osteocare Study Group performed a nationwide survey of 4966 patients who presented consecutively with one or more fractures at any one of eight designated hospitals in Switzerland [7] , as either an in-or an outpatient. The CHUV participated in this study. After data were recorded by a study nurse, an information letter was sent to the GP about any suspected osteoporotic fractures. Data on osteoporosis management were recorded on a second occasion.
Inclusion and exclusion criteria for the present study
Inclusion criteria for the current study were: being seen by the CHUV FLS for an osteoporotic fracture; being alive at the time of hospital discharge; and having provided written informed consent to participate in the study. Exclusion criteria were: severe dementia, an already known secondary cause of osteoporosis, refusal to participate, and follow-up by both their GP and the FLS team. One year after each patient's acute fracture was registered by the FLS, data were collected on osteoporosis management and course/events. Patients followed up by their GP were sent a written questionnaire, and the institutional database was used to collect information on all patients followed up by the FLS. Data collected at 1 year of follow-up included the number and results of DXA evaluations over the preceding year; any osteoporosis treatment rendered (including: none; vitamin D and/or calcium; and bone-active drugs like bisphosphonate, denosumab and teriparatide); any new non-traumatic fractures; and mortality. Data on fractures at 5 years of follow-up were also collected for patients followed up by the FLS. In addition, patients who had died by 1 and 5 years of follow-up were identified in the institutional database, from information obtained from family members, and from regional death records, as needed.
Statistical analysis
Differences between the two patient groups -those followed up by the FLS and those followed up by their GPwere identified with Student's t-tests for continuous variables and Pearson's chi-squared analysis for categorical variables, and statistical significance was considered for a two-sided test with p-value ≤0.05. All statistical analysis were performed using Stata/IC 14.0 (StataCorp, College Station, Texas, USA) for Windows.
Results
Characteristics of the population
The first 1000 consecutive patients were registered with the CHUV FLS between 17 October 2008 and 27 October 2011. Figure 1 is a flow chart depicting subject recruitment and follow-up. A total of 606 patients were included (60.6%), 394 were excluded (139 died, 171 had a mixed GP and FLS follow-up, and 84 refused to participate, or had dementia or secondary osteoporosis). Overall, 55% (n = 332) of the patients chose to be followed up by the FLS team, and 45% (n = 274) elected to be managed by their GP. About 80% were women in both groups. The mean age was 78.5 years. Patients were older in GP group than in the FLS group (79.9 vs 75.4 years, p <0.05). The proportion of patients with hip fractures was greater in the GP group (51.5 vs 36.5% in the FLS group, p = 0.003). In the initial nationwide survey Osteocare, the mean age was 73.9 years and 26.4% of the patients had a hip fracture. Baseline characteristics of the 606 registered patients are summarised in table 1. In the nationwide survey, 30.7% had an upper limb fracture, 26.4% a lower limb fracture and 19.5% an axial fracture [7] .
Dual X-ray absorptiometry results
The diagnostic workup for osteoporosis differed between the groups, with 72.0% (n = 239) having DXA in FLSmanaged group and 26.5% (n = 73) in the GP-managed group (p <0.01). In the previous nationwide survey the percentage was 31.4%. Based on the definition of osteoporosis proposed by the World health Organization and the lowest measured T-score, 50.3% in the FLS group and 57.5% in the GP group had osteoporosis (p <0.05). This percentage was 46.0% in the nationwide survey. An additional 38% in FLS group versus 18% in the GP group had osteopenia (p <0.05). This was 35.1% in the nationwide survey. Normal DXA results were found in 11.7% of the FLS group, 5.5% in the GP group (p <0.05) and 14.4% in the nationwide survey. Nineteen percent of GP-managed patients had no available DXA evaluation results, whereas DXA results were available for all patients in the FLS 
Osteoporosis treatment
The percentage of patients receiving a prescription for some osteoporosis-specific therapy (i.e., a bone-active drug) was 79.0% in the FLS group and 38.8% in the GP group (p <0.001). Only 21.6% of the patients had a boneactive drug prescribed in the nationwide survey. In all groups, the majority of patients were prescribed a bisphosphonate (table 3) .
New fractures
Data on incident fractures were available for 100% (n = 332) and 78% (n = 214) of patients in the FLS and GP groups, respectively; 15.1% had a second low-trauma frac- 
Discussion
The key results of our study showed that the diagnosis and treatment of osteoporosis is more frequent for patients followed by the FLS team than for those followed by their GP after their acute low trauma fracture and both of them have increased relative to rates reported before the FLS creation. Relative to the GP management patients, FLS followed patients had fewer nonvertebral refractures and a decreased risk of death. These results are important in a country where the incidence of osteoporotic fractures is high [8] and where osteoporosis is associated with an increase morbidity and mortality [9, 10] . Although effective treatments for osteoporosis are currently available, the "treatment gap" between patients who should receive a bone-active drug and those who are effectively treated is increasing worldwide, with more than 50% of women and 36% of men undertreated in Switzerland [11, 12] . Patients at high risk for fragility fractures should be treated, especially after an osteoporotic fracture has occurred. Fracture liaison services are the most efficient way to enhance osteoporotic fracture detection.
Compared with the results of the nationwide survey, since the FLS implementation a higher proportion of patients had a DXA evaluation and the prescription of an active osteoporosis-specific treatment. These increases were greater in patients managed by the FLS team than in those managed by their GP. In fact, among patients managed by their GP, only the proportion receiving osteoporosis-specific therapy increased compared with the nationwide survey, and not the percentage having DXA,. These results are consistent with other publications. FLS type A versus GP has been shown to more effectively increase the number of DXA evaluations from 6% to a maximum of 85%, depending on the site of the fracture and the study [13] [14] [15] [16] [17] [18] . In our study, even after a low-trauma fracture, only 50 to 53% of patients were in the osteoporotic range, with more than 50% having either osteopenia or a normal result, which is consistent with others' data [13, 17, 19, 20] . Osteoporotic fracture risk is not well detected by the measurement of bone mineral density alone. The frequency of prescription of an active osteoporotic drug increased and reached 79% in the FLS, but remained low in the GP group (39%). Our results are comparable to other publications, confirming the more appropriate care by a type A FLS [13, 15, 16, 21, 22] . The remaining difficulty is adherence to the treatment, which seems to be better with intravenous, bisphosphonates. Indeed, adherence to osteoporosis medication is well known to decline with time, but seems to be better with an annual intravenous infusion. In our study, we did not record adherence to oral medication, but most patients received intravenous medication (52.5% in the FLS group, 31.2% in the GP group) [6] . In our study, a significantly higher proportion of patients had new nonvertebral fragility fractures in the GP group compared with patients treated and followed by the FLS. These results are comparable to other studies [21, 23] and are relevant, since "less intense" FLS models have not demonstrated any improvement on refracture rates [6] . However, data about vertebral fractures are not known and, among published studies evaluating the rate of new fractures after FLS implementation, the majority excluded vertebral fractures [23, 24] . We documented eight vertebral fractures in the FLS group (seven of which were asymptomatic) versus none in the GP group in the first year. This reflects the routine DXA and VFA evaluations performed in the FLS group (not or rarely performed by the GPs) rather than any true inter-group difference in fracture incidence and highlights the persistent challenge of the diagnosis of vertebral fractures: more than 50% are misdiagnosed [25] [26] [27] [28] , even in a FLS [28, 29] . Education, teaching [30] , and implementation of systematic VFA in addition to DXA could decrease this level of misdiagnosis. Nevertheless, even if the VFA has a high specificity, the sensitivity remains low, and osteoporotic patients with new back pain should have a spinal X-Ray in order to confirm a new vertebral fracture [31] . This diagnosis reflects the severity of the disease and has an impact on the choice of the treatment.
In terms of death, we failed to identify any statistically significant difference between the FLS and GP groups, after adjusting for age and previous fracture site. However, these results might be biased for several reasons. For example, since the CHUV is a university-based hospital, it is reasonable to expect that patients with more comorbid conditions would be more likely to choose follow-up by the FLS team. Since we did not collect data on comorbid conditions, we cannot rule this possibility out. Few FLS studies have used mortality as an outcome. However, some of them have described a 20 to 35% decrease in mortality [23, 32] . Our study has limitations. First, for patients followed by their GP, data were collected by asking patients (or family members) to complete a questionnaire. It appeared clear that most of these patients were not well informed about their management. For example, 28% of patients did not know if they had undergone a DXA evaluation, 19% of those having DXA did not know the results and 23.4% did not know if they had received osteoporosis-specific medication. It is well known that reduced familiarity with treatment decreases adherence [33] [34] [35] [36] . This point underlines the importance of increasing patients' education through the FLS and through GP education. A second limitation pertains to patient age and the sites of fracture. Older patients were more likely to have hip fractures and to be followed up by their GP, as already observed in other studies [21, 22] . As such, we failed to observe any significant decrease in the 1-year rate of death in the FLS group relative to patients followed up by their GP when the analysis was adjusted for age and fracture site. These limitations aside, several finding are worthy of notice. First, the management of osteoporosis in our hospital's catchment area improved from 2004-2006 (date of the nationwide survey) to 2011. All results were highly significant when the patient was managed by our type A FLS, and prescription of specific treatment increased when the patient decided to be followed up by the GP. We had previously informed local GPs about the results of the nationwide survey, and about our reasons for establishing a fracture liaison service type A at our hospital. We informed them when we started the CHUV FLS. Potentially, either or both of these actions had some positive impact upon their osteoporosis management. These results are in accordance with the literature and could by be easily generalisable in the others osteoporosis centres through Switzerland.
In conclusion, our study adds further support to the fact that fracture liaison services enhance the detection and subsequent management of patients with a major osteoporotic fracture. Such services may also reduce the incidence of future fractures. Detection of vertebral fractures remains low, and an FLS dedicated to spine management (FLS spine) are currently in development.
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